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Introduction
Agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with crop and/or animal production systems to benefit from the resulting ecological and economic interactions . Agroforestry has played an important role in Europe in the past, and traditional agroforestry practices, such as wood pasture and grazed or intercropped orchards, are still practised widely in Europe . However, during the 20th century, the area of many European agroforestry systems decreased while the remaining agroforestry practices are vulnerable (Nerlich et al., 2013) . The Common Agricultural Policy (CAP) and other public policies have frequently accelerated a transition to specialised forms of agriculture and forestry (van Zanten et al., 2013) .
The requirement to conserve biodiversity has been agreed on at an international level, and the Europe 2020 strategy for a "resource efficient" Europe (European Comission, 2011) highlights the necessity of protecting, valuing, and restoring biodiversity and ecosystem services. One of the key concepts for examining the interactions between biodiversity and ecological systems such as agriculture and forestry is the ecosystem service framework (Millennium Ecosystem Assessment, 2005) . This framework highlights how biodiversity leads to a range of services that benefit human well-being, including food and fibre production and regulating and cultural services.
The need to combine production with environmental enhancement can provide an opportunity for a renaissance of agroforestry. Agroforestry can sometimes increase land productivity as the combination of tree and crop systems leads to a more efficient capture of resources (such as solar radiation or water) than separated tree or crop systems (Cannell et al., 1996 , Graves et al., 2007 , Jose 2009 ). However neutral and negative interactions have been also reported (e.g. Jose et al., 2004; Rivest et al., 2013) . Agroforestry has also been found to improve regulating ecosystem services such as nutrient retention, erosion control, carbon sequestration, pollination, pest control and fire risk reduction, and cultural services such as an increase in recreational, aesthetic, and cultural heritage values Smith et al., 2012; Tsonkova et al., 2012) . In line with this, in 2005, the European Union provided opportunity for national and regional governments to financially support the establishment of new agroforestry systems (European Union 2013).
The interactions between biodiversity, ecosystem services, and agroforestry have been previously explored. Tsonkova et al. (2012) reviewed the ecosystem services supplied by alley cropping in temperate regions, but this is only one type of agroforestry. Lorenz and Lal (2014) described the role of agroforestry systems in soil carbon sequestration estimating that agroforestry might may be sequestering up to 2.2 Pg of Carbon above-and belowground over 50 years, but did not consider other ecosystem services. After two decades of research on agroforestry functioning in Europe, the aim of this paper is to report on a formal meta-analysis of the evidence that agroforestry systems increase the provision of ecosystem services in Europe compared to other conventional agriculture and forestry systems. Within the ecosystem service framework used by the Millennium Ecosystem Assessment (2005) , biodiversity is assumed to be the source of ecosystem services. Schneiders et al. (2012) describes biodiversity and ecosystem service provision as being intricately linked, and within the UK National Ecosystem Assessment (2011) wild species diversity is included as a provisioning/cultural service. Hence this current study considers both biodiversity and ecosystem services in relation to agroforestry. It is anticipated that this analysis will help to identify the generality of existing case-study findings and the presence of large scale patterns. Specifically we raise the following research questions: Does European agroforestry enhance biodiversity and ecosystem services relative to conventional agriculture or forestry (natural and planted forest)?
Which species groups and which categories of ecosystem services are most supported by agroforestry?
What differences arise among different kinds of agroforestry (e.g. silvoarable systems, silvopastoral agroforestry)? Do biophysical system properties such as temperature and precipitation drive inter-site differences?
This study can contribute to empower agroforestry towards future agricultural policies providing policy makers and practitioners concrete examples where agroforestry could be a sustainable solution over conventional agriculture and forestry.
Material and methods

Study selection
The methodology followed existing guidelines for systematic review and literature mapping (Pullin & Stewart, 2006; Pullin & Knight, 2009; Centre of Evidence-based Conservation, 2010; Bilotta et al., 2014) . The benefit of a systematic review, as opposed to one unsystematic, is that it uses a process that is more objective and transparent. A review protocol was produced following recommendations describing the systematic literature search and inclusion criteria (Annex A). The systematic literature mapping sought to include all scientific publications that provide quantitative data comparing agroforestry with an alternative land use system in a European study area and using indicators that assess biodiversity and ecosystem services (Table 1) . Every kind of system that follows this definition: agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with crop and/or animal production systems to benefit from the resulting ecological and economic interactions. This means that the following systems were included: silvoarable systems, silvopastoral agroforestry, agro-silvopastoral systems, buffer strips (which use woody elements) and multipurpose trees systems ).
Types of comparable land use
The compared system must be a conventional farmland or a forestry system with very low cover of agroforestry within the same region.
Geographical scope
The study areas were limited to Europe in a geographical sense
Methodological approach
Only studies that perform quantitative biodiversity and ecosystem service assessment based on primary data.
Initially, the meta-analysis aimed to analyze the effect of agroforestry on the provision of ecosystem services categories present in the Millennium Ecosystem Assessment (Annex A). However, we early found in initial tests that our analysis would need to be narrowed due to a lack of primary studies analyzing the effect of agroforestry on many ecosystem service categories. The need of at least three primary studies targeting the same ecosystem service reduced the initial scope which included a wider range of ecosystem services (including air and water purification, pollination, pest regulation and all cultural ecosystem services) to the final selection: timber production, food production, biomass production, soil fertility and nutrient cycling, erosion control and biodiversity.
The literature search was performed in August 2014 by generating combinations of keywords in three databases: ISI Web of Science, SCOPUS and CAB Abstracts. We additionally included the first 50 documents provided by Google Scholar and in the end of the process added five papers recommended by three experts in the field. The systematic search included three strings in English: 1) definitions and terms used to describe European agroforestry systems, 2) terms describing ecosystem services and biodiversity indicators used to measure them, and 3) Europe and a set of European countries (Table 2 ). Titles and abstracts were stored in an EndNote database where duplicates were removed. To ensure the inclusion criteria were consistently followed during the publication selection process, a 10% subset of the whole database was assessed by an independent reviewer. Table 2 . Search terms applied to title, abstract and keywords in the specified databases Search string Terms 1 agroforestry OR silvoarable OR silvopastoral OR agrosilvopastoral OR "farm woodland*" OR "forest farming*" OR "forest grazing" OR "grazed forest*" OR "isolated trees" OR "scattered tree*" OR "tree outside forest*" OR "farm tree*" OR woodlot* OR "timber tree system" OR dehesa OR montado OR "oak tree*" OR "olive tree*" OR "fruit tree*" OR pré-verger OR Streuobst OR pomarada* OR Hauberg OR Joualle OR "orchard system" OR "orchard intercropping" OR parkland* OR "alley cropping" OR "wooded pasture*" OR "wood pasture*" OR pollarding OR "fodder tree*" OR pannage OR hedgerow* OR windbreak* OR "riparian woodland*" OR "riparian buffer strip*" OR "buffer strip*" OR "riparian buffer*" OR "shelter belt*" 2 Product* OR Provision* OR "Soil formation" OR "soil organic carbon" OR "soil carbon" OR "soil C" OR "soil organic C" OR SOC OR "carbon pool" OR "carbon stock" OR "carbon storage" OR "soil organic matter" OR SOM, "carbon sequestrat*" OR "C sequestrat*" OR "Nutrient cycling" OR "Nutrient retention" OR "soil services" OR Nitrogen OR Phosphorus OR Erosion OR "soil loss" OR "water quality" OR "water regulation" OR "water purification" OR "hydrological regulation" OR Biodiversity OR richness OR "species abundance" OR "species composition" OR "biological diversity" The final number of primary studies included in the analysis was refined through a three-step process: 1) the title and keywords, 2) the abstracts and 3) the full publication content. In each phase, publications that fulfilled the inclusion criteria (Table 1) were promoted to the next step. The initial search provided a total of 5,235 publications that after the first filter were narrowed down to a total of 604 publications. Ultimately, 53 publications were included in the meta-analysis.
Data collection
A meta-analysis compares the quantitative outcomes of different treatments in multiple studies. The contrast between the means is used to summarize the results of the primary studies. Ideally, three values are necessary for this comparison: a mean, a standard deviation and a sample size. Values of each group were extracted directly from the text and tables, taken indirectly from graphs using the DataThief (Tummers, 2006) software, or calculated from raw data when the summary statistics were missing but the original data available. Standard errors were not available in several studies but some were obtained after contacting the authors. Most studies included comparisons of more than one land use or more than one indicator. We considered each comparison as an independent observation in the primary study and use the primary studies as a random factor to control potential correlations between comparisons within a primary study.
For every data record, we derived eight explanatory variables (nine variables in cases where biodiversity was assessed, c.f. Table 3 ) that served to characterize the properties of those observations and were used as independent variables grouping similar studies in the analysis. If temperature and precipitation were not available in the publication, the study location was used to gather the information from other sources (Global Climate Data -WorldClim, Google Earth). We found that many publications, while not assessing a particular agroforestry system, were interested in comparing two areas or landscapes where the main difference was the high/low proportion of agroforestry. These publications were classified under the category of "mixed" for the explanatory variable of agroforestry system type. Although the search strings included terms for agro-silvopastoral systems, buffer strips, and multipurpose trees systems, there were insufficient publications to include these types in the analysis (View Review Protocol, Annex A). This meant that the final categories analyzed for the variable agroforestry system were silvopastoral (trees and livestock), silvoarable (trees and arable crops) and mixed. 
Response variables
Two different indices of effect size were used for the meta-analysis: response ratios (Borenstein et al., 2009; Hedges et al., 1999) and Hedges' g (Hedges and Olkin, 1985) . Response ratio (lr) is an unweighted index widely used for meta-analysis in ecology where primary studies differ in the indicators and methods used (De Beenhouwer et al., 2013; Meli et al., 2014; Barral et al., 2015) . The response ratio index was defined as the difference between the natural logarithm of the value of a specific indicator in the agroforestry system (ln(µAF)) minus the natural logarithm of the value of the same indicator in the comparison (ln(µC)) (Equation 1). Positives values for lr indicate positive effects of agroforestry, while negative values for the lr indicate negative effects. lr = ln(µAF) -ln(µC).
Equation 1 An increase in the value of an indicator may not always mean benefit. For example if the indicator is soil loss then a decrease in the indicator would usually be preferred. To ensure that high values are correlated with attributes that are desirable from a land management perspective, the algebraic signs of some values were changed.
Hedges' g was used on a subset of publications to analyze the effect of agroforestry on biodiversity. Indicators used to assess biodiversity were homogenous, only including biodiversity richness and abundance. This allowed us to use a more restrictive but precise effect size index. Hedges' g was selected as it as it is not biased by small sample sizes and therefore has been previously used to perform meta-analyses based on biodiversity indicators (Paillet et al., 2010; Batáry et al., 2011; De Beenhouwer et al., 2013; Plieninger et al., 2014) . Hedges' g is defined as the difference between the means of biodiversity between plots in agroforestry systems (µAF) and the land use compared (µC), divided by the standard pool deviation of µAF-µC corrected by the sample sizes (s) (Equation 2; Borenstein et al., 2007) .
Positives values for g indicate positive effects of agroforestry on biodiversity, while negative values point to negative effects. All the studies included in this biodiversity subgroup analysis were also comprised in the rest of the meta-analysis to see the overall and the explanatory variables effect.
Statistical analysis
To calculate the overall effect of agroforestry on ecosystem service provision and biodiversity, effect sizes were used as dependent variables to construct a random-effect model (effect sizes nested within studies) and calculate the mean effect size assuming random variation among the observations. Hence 95% confidence intervals were calculated around the mean effect size with bootstrapping of 999 iterations. To assess the effect of the different response variables, sub-group analyses were performed using the explanatory moderators as independent variables (ecosystem service assessed, extent area, agroforestry system, comparator, woody element, biogeographical region, and taxon for comparison regarding biodiversity indicators).
The null hypothesis was examined for the overall meta-analysis and for the subgroup analyses with a two-tail Z-test (i.e. the effect size equals 0) and the heterogeneity was analyzed using a Q-test. Finally, a meta-regression was conducted to assess the effect of precipitation and temperature. All of the analysis were performed using Metawin 2.1 (Rosenberg et al., 2000) .
In this meta-analysis we compared relatively homogenous subgroups which included almost no variation in the indicator (such as biodiversity with only two kinds of indicator, richness and abundance) with relatively heterogeneous subgroups (like soil fertility with more than 10 different indicators). This artificial grouping should be taken into account when interpreting the results.
We used the fail-safe N method (Rosenthal, 1979) and calculated a funnel plot comparing effect sizes and variance to visually explore the publication bias (Gurevitch et al., 2001 ). The Rosenthal fail-safe N method gives us the number of potential missing studies we would need to include before the p-value became non-significant, large numbers (much bigger numbers than the amount of publications assessed in the meta-analysis) suggest absence of bias. In funnel plots, the presence of strong the asymmetries suggest bias. The funnel plots are shown in Annex B.
Results
Overall results
53 publications (Annex C) were finally included in the meta-analysis incorporated an overall of 365 comparisons. These primary studies were conducted in ten countries encompassing each of the five principal European biogeographical regions. Most studies were carried out in the Mediterranean region (59%) ( Figure 1A and 1B), and 61% of the studies focused on silvopastoral systems ( Figure  1C ). Approximately similar proportions of publications focused on provisioning services, supporting and regulating services, and biodiversity ( Figure 1D ). The meta-analysis for the whole data-set using response ratios also revealed a significant positive effect of agroforestry on ecosystem service provision (mean effect size = 0.454; 95% confidence interval = 0.393 to 0.516; Table 4A ). Heterogeneity values reveal high diversity in study outcomes, methodologies and indicators used (Z = 1070; p<0.01). This pattern was visually confirmed in the funnel plot (Annex B). Fail safe number analysis showed no effect of publication bias (fail safe number = 1054288.4).
Explanatory variables results
In every subgroup analysis, the random-effect model for the different explanatory variables revealed a significant positive effect of agroforestry (Table 4B-J) . When compared with conventional agriculture and forestry, agroforestry had a significant positive effect on soil fertility/nutrient cycling, erosion control, and biodiversity (mean effect size = 0.426; 95% confidence intervals = 0.382 to 0.469; Figure  2 ; Table 4B ). There were non-significant effects of agroforestry on food and timber production. The only significant negative effect of agroforestry was on biomass production ( Figure 2 ; Table 4B ). Among the woody species used in European agroforestry, olive trees, followed by chestnut, walnuts and cherry species had highly significant positive effects ( Figure 3A ; Table 4F ). Conifers were the only group that displayed a strong negative effect, whilst species such as poplar, willow, and ash showed negative but non-significant effects. We found strong increases in ecosystem service provision in studies that were performed at landscape (1-1000 km²) and regional (>1000 km²) scales ( Figure 3B ; Table 4E ). Both silvopasture and silvoarable systems had significant positive effects on erosion control and soil fertility but only silvopasture systems had a significant positive effect on biodiversity and a significant negative effect on biomass production ( Figure 4A ; Table 4B ). For mixed systems, the analysis did not show clear positive or negative outcomes. In terms of the different comparators, agroforestry showed significant benefits in erosion control, biodiversity and soil fertility relative to forestry, and significant reductions in biomass production relative to both forestry and pasture. The responses of other ecosystem services were not significantly different from zero ( Figure 4B ; Table 4C ). Overall, significantly positive effects of agroforestry on biodiversity and ecosystem services were observed for the Mediterranean and Pannonian biogeographical regions; the effects of agroforestry in the Continental, Alpine and Boreal regions were not significant ( Figure 5A ; Table 4G ). In line with this, there was a trend that the ecosystem service benefit of agroforestry tended to decrease with precipitation (slope = -0.001 mm-1; Figure 5B ; Table 4I ) and increase with temperature (slope=0.164 °C-1; Figure 5C ; Table 4H ), but the effects were not clear enough to infer an influence. The specific subgroup meta-analysis for biodiversity using the Hedges' g as effect size index showed a significant positive effect of agroforestry systems on biodiversity (Figure 2 ), meaning that species richness and abundance were higher in agroforestry systems than in specialized agricultural and forestry systems (Table 4J ; g = 0.874; 95% confidence interval = 0.532 to 1.215). In this case, heterogeneity values revealed again large variation in the study outcomes (Z = 139; p<0.01) but less heterogeneity than the rest of the explanatory variables analyzed. This smaller value in heterogeneity is in part explained by the effect size index employed and in part because of the relatively homogeneity in the indicators used to assess biodiversity in the literature. The funnel plot showed no big asymmetries (Annex B) and the fail safe number analysis showed no publication bias (fail safe number = 2484.6). The random-effect models revealed a positive trend of agroforestry in all the taxa, but the effect was only significant for birds ( Figure 6 ; Table 4J ).
Fig. 6.
Mean effect size (response ratios) of agroforestry on biodiversity depending on the taxon studied. * Effect sizes differed significantly from zero. 
Discussion
Most attempts to summarize the effects of agroforestry have focused on tropical and subtropical ecosystems (Kwesiga et al., 2003; Schroth, 2004; Tscharntke et al., 2011) , on specific agroforestry practices (De Beenhouwer et al., 2013; Riiser and Hansen, 2014; Tsonkova et al., 2012) , or on individual ecosystem services (Lorenz and Lal, 2014; Poch and Simonetti, 2013; Rivest et al., 2013; Pumariño et al., 2015) . This study is the first attempt to analyze the effect of agroforestry practices on a broad set of ecosystem services and taxonomic groups in Europe. It covers varied agro-climatic regions and a high variety of agroforestry, agricultural and forestry practices, addressed largely by the CAP.
Our meta-analysis shows an overall positive effect of agroforestry on biodiversity and ecosystem service provision. Hence our findings demonstrate that, when compared to conventional land uses such as grassland, arable land, or forests, agroforestry supports higher levels of biodiversity and ecosystem goods and services. This analysis confirms the basic premise of agroforestry science that land-use systems that are structurally and functionally more complex than either crop-or tree-based systems result in a greater structural diversity that entails a tighter coupling of nutrient cycles, soil retention, and increased biodiversity, not necessarily compromising productivity (Cannell et al., 1996; Lefroy et al., 1999; Nair, 2007) . However, the variation within the results was high, especially regarding provisioning services, showing that the benefits of agroforestry are context related. This is, in part, a result of the methodology which included publications with different indicators and research designs in a single statistical analysis (cf. Rey Benayas et al., 2009) . Variation can also arise because the benefits provided by agroforestry are dependent on the context and the choice of land use selected for the comparison.
Effects on ecosystem services
Our meta-analysis revealed that most of the ecosystem services included were positively influenced by agroforestry (Figure 2 ). Agroforestry seems particularly useful in controlling soil erosion, significantly reducing the surface-runoff of soil (Francia et al., 2006; Gómez et al., 2009; García-Ruiz et al., 2010) . This is especially relevant in the vineyards and olive trees plantations found on droughtstressed sloping land in the Mediterranean Basin (Durán Zuazo and Pleguezuelo, 2008) . Agroforestry also enhanced soil fertility and nutrient cycling. While the capability of agroforestry to improve soil fertility has been documented for the tropics (Pinho et al., 2012; Zake et al., 2015) , our meta-analysis demonstrates similar effects of increased soil organic matter content and nutrient concentration levels in European agroforestry.
As expected, the effects of agroforestry on the supply of provisioning services (food, timber, and biomass production) are mixed, depending to a large degree on the specific parameters that are compared. Here, it is important to keep in mind that the studies included in our meta-analysis compared only individual provisioning service elements (e.g., woody biomass production or grass production), not the full amount of food, timber, or biomass produced. A key hypothesis in agroforestry is that productivity is higher than in other systems due to the complementary use of resources that allow the provision of more than one product (Carnell et al., 1996) . Field experiments and modelling exercises that were performed in three European countries showed that agroforestry can increase overall yields by up to 40% relative to monoculture arable and woodland systems (Graves et al., 2007) . In general, our meta-analysis shows that agroforestry can provide similar levels of timber as forestry, and similar levels of food production as pasture land. One reason why this is possible is that the different components of an agroforestry can be partly complementary in their use of solar radiation and water (Smith et al. 2012) . Surprisingly our meta-analysis suggests that agroforestry reduced biomass production in relation to forestry and pasture ( Figure 4 ). These results suggest that the competition for resources result in a reduction of biomass production. However, biomass results should be taken with caution as some of the authors that found such effects acknowledge the difficulty to assess productivity in agroforestry systems as the biomass usually considers only the woody or the non-woody elements of the system, but not both together, giving a partial assessment of the biomass production in the system.
Although the aim of this meta-analysis was to assess a wider range of ecosystem services provided by agroforestry, many ecosystem service categories could not be included in the analysis. The absence of cultural ecosystem services particularly stands out, probably due to the difficulties to measure them quantitatively (Hernández-Morcillo et al., 2013; Milcu et al., 2013) . Similar difficulties with including cultural ecosystem services were found in previous meta-analyses that addressed ecosystem services (Rey Benayas et al., 2009; De Beenhouwer et al., 2013; Howe et al., 2014; Meli et al., 2014; Barral et al., 2015) .
Effects on biodiversity
Our analysis shows a strong positive effect of agroforestry on biodiversity (Figure 2 ), which is in line with findings from other parts of the world (Schroth, 2004; Felton et al., 2010; De Beenhouwer et al., 2013) . The capacity of agroforestry to provide food, shelter, habitat, and other resources for multiple species has been documented (McAdam and McEnvoy, 2009; Jose, 2009) and is one of the main reasons why many agroforestry areas are protected under the Natura 2000 Directive (European Union, 1992) and are frequently recorded as High Nature Value farmlands (Paracchini et al., 2008) . Plieninger et al. (2015) documented that almost a quarter of the natural habitat types listed in the Annex I of the Directive (European Union, 1992) refer to some extent to silvopastures.
However, the benefits of agroforestry differ among the studied taxa ( Figure 6 ). We found a strongly positive effect for bird communities. This is in line with findings from Fischer et al. (2010) though in contrast to the findings from De Beenhouwer et al. (2013) . The difference is probably a result of Beenhouwer et al. (2013) comparing agroforestry to natural forests and plantations in the tropics, while the comparison in our meta-analysis included tree-less grasslands and croplands which generally have lower structural and functional diversity than "natural" systems.
Variation related to context factors
The outcomes of the comparative analysis between agroforestry system types and between comparators showed a clear positive effect for both silvoarable and silvopastoral systems, though the effect size is stronger for silvoarable systems ( Figure 4A ). This illustrates the importance of the comparator systems: silvopastoral systems was particularly rich in biodiversity and ecosystem services (Plieninger et al., 2015) , but many tree-less grassland have a high nature value as well (Veen et al., 2009) . Silvoarable systems may provide these benefits to a lesser degree, but here the contrast (and by this the potential for improvements in biodiversity and ecosystem services) to monocultural cropping systems is particularly strong (de Klein and Eckard, 2008 ).
The comparator system was an important category as well, with a significant positive effect size for comparisons of agroforestry systems against pure forest systems ( Figure 4B) . Surprisingly, the effect of agroforestry is not so clear in comparisons to agricultural and pasture land, indicating that the benefits of incorporating agroforestry into a land-use system is context-related and might depend on the different elements combined in the system.
Our meta-analysis suggests that the benefits of agroforestry were most apparent with deciduous and/or hardwood species such as olives, walnut, chestnut, and cherry species ( Figure 3A ; Table 4F ). This is in line with other studies (e.g., Zuazo et al., 2014) , and is probably linked to the opportunity for complementary resource use being greatest for deciduous species, or species that are traditionally planted at a wide spacing. In contrast, fast-growing conifer species typically devoted to timber or biomass production showed a negative effect size for agroforestry. However, many of the studies on conifer systems only assessed indicators for provisioning services (Gul and Avciouglu, 2004; ).
Our analysis also points to geographic differences, as effect sizes were highest in the Mediterranean and Pannonian regions of Europe ( Figure 5A ). Also, the bioclimatic conditions analysis followed the same pattern, with increased ecosystem service supply in areas where temperature is higher and precipitation is lower ( Figure 5 B and C). The increased ecosystem service provision in warmer and drier regions is consequence of the strong positive impact in the meta-analysis of results in publications assessing erosion control and nutrient cycling, extensively studied in the South of Europe. This result indicates that existing research highlights the benefits of agroforestry to moderate the effects of high temperatures and drought stress.
The study also shows that the positive effects of agroforestry on ecosystem services were more apparent at a landscape and regional-scale than at a farm-scale ( Figure 3B ). This has potentially important policy implications as it suggests that landscape-and regional-scale responses are more than just the sum of farm-scale responses. This is particularly relevant in the European context, where agri-environment interventions are often addressed at a farm-, rather than at a catchment or landscape-scale (Concepción et al., 2012; Plieninger et al., 2012 ).
Limitations of the meta-analysis
Some considerations need to be taken into account when interpreting the results and conclusions of this study. The systematic literature search and the selected inclusion criteria might have not captured all relevant publications addressing the research question of the meta-analysis. The search terms might have missed important information in grey literature especially in non-English publications, and the requirement that the publication provided means, standard deviations and population numbers forced us to disregard many publications. Many publications that reported ecosystem service assessments could not be included as they were assessing a single land use and lacked any comparison. Finally, although key agroforestry practices and each European biogeographic region were represented, there is a geographic bias in our pool of primary studies. In the Mediterranean area, concerns related with desertification encourage research on soil erosion while in more temperate climates interest in timber production may be higher. When analyzing the overall results, this fragmented structure of the primary data should be taken into account, especially when focusing on trade-offs between ecosystem services.
Conclusions and policy implications
Our analysis demonstrates that agroforestry generally enhances biodiversity and ecosystem service provision relative to conventional agriculture and forestry in Europe. However, the substantial variation in results also highlights that the responses are dependent on biophysical and land-use conditions. In Atlantic and Continental Europe, intercropping in chestnut and walnut systems, or integrating trees in arable systems can increase soil fertility and enhance biodiversity whilst maintaining agricultural productivity. In Mediterranean Europe, the studied publications indicate, that integrating cover crops and/or grazed legumes in vineyards and olive monoculture plantations generally increases soil fertility and nutrient retention whilst reducing soil loss. At the same time, existing silvopastoral systems such as the French pré-verger and the Central European Streuobst (Eichhorn et al., 2006) should not be neglected. The meta-analysis also stresses the importance of promoting features and practices that act at a landscape scale, as in the case of hedgerows, which play an important role in landscape-scale biodiversity conservation (Aviron et al., 2005; as well as in creating barriers for wind erosion, creating a favorable microclimate (Smith et al., 2012) , increasing soil fertility (Chifflot et al., 2005) and controlling pests and diseases (Pumariño et al., 2015) .
The CAP does provide options for national governments to support the establishment of new agroforestry systems. However national governments have been reluctant to take up this opportunity, and often the level and duration of funding is less than for afforestation projects. Our results suggest that policy measures to support European agroforestry could be particularly effective in addressing biodiversity and ecosystem services such as soil erosion and runoff control, and nutrient retention at a landscape level. Hence, land managers and national and regional policy makers should be aware of this response diversity when prioritizing measures to promote European agroforestry. The aim of the search is to find all available studies containing data from field experiments assessing ES provision on European agroforestry systems. The main approach will be to conduct electronic searches in scientific databases. The systematic mapping will follow established guidelines (Pullin and Stewart 2006; Pullin and Knight 2009; Collaboration for Environmental Evidence 2013; Billota et al., 2014) and will be oriented by previous meta-analyses (Felton et al., 2010; Paillet et al., 2010; Batary et al., 2011; Meli et al., 2014; Plieninger et al., 2014) Search terms and strings: scope will be performed by searching keywords that include aspects of the population, intervention and the outcome. Scoping exercise revealed a weak power of general terms related with ecosystem services when looking for publications. Thus, search terms related with the population and intervention will stay always the same; while terms related with the outcome will change in the different steps depending on which ecosystem service we are scoping.
To refine the scoping results related with the intervention all European countries will be included in the search string with the following terms: To address the different ecosystem services, preliminary scoping exercises were performed to find out which ES have enough published literature to perform a meta-analysis. Only ES which were able to contribute with at least 7-10 publications were included in the final scoping exercise. This process revealed that the ecosystem services able to be included in the meta-analysis were those related with food and timber provision, ES related with soil formation, nutrient retention and erosion control, and biodiversity ( Table 2) . Related with water quality ES: "water quality" OR "water regulation" OR "water purification" OR "hydrological regulation" Related with biodiversity: Biodiversity OR richness OR "species abundance" OR "species composition" OR "biological diversity"
Electronic academic databases included in the search for relevant items include:
Google scholar (100 first results). The numbers of articles retrieved, accepted and rejected will be noted down. Titles and abstracts will be stored in an Endnote database and duplicates will be removed.
Study inclusion and exclusion criteria
Inclusion criteria will be first applied to the publication title and key words; after this filtering process the abstract will be addressed and finally the remaining publications will be filtered revising the whole document. Every time one case arise doubts about its inclusion, it will be included to the next stage for further evaluation (Pullin & Stewart 2006) To check for data quality and consistency of application of the inclusion criteria, another reviewer will go through the scoping exercise of the 10% of the references (Pullin & Stewart 2006 ). The inclusion criteria will be performed by a stepwise process by applying the procedure describe in the table 3. Table 3 . Inclusion criteria
Agroforestry systems
Every kind of agroforestry system that follows the definition: Agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with crop and/or animal production systems to benefit from the resulting ecological and economic interactions. This means that the following systems will be included: silvoarable systems, silvopastoral agroforestry, agro-silvopastoral systems, buffer strips and multipurpose trees systems.
Types of comparable land use
The compared system must be a farmland or a forestry system with low cover of agroforestry within the same region.
Geographical scope Farmland and forest systems in Europe. The study areas were limited to Europe in a geographical context (e.g. including Switzerland and European parts of Russia and Turkey)
Methodological Approach
Only studies that perform quantitative ecosystem service assessment based in primary data.
Data extraction strategy
In order to perform a meta-analysis, available quantitative data related with each ES assessment will be extracted from every publication and those will be the response variables. For the dependent variables, a dataset will be performed with information about the ecosystem service studied and the indicator used to measure it. Observations of multiple ecosystem services and/or different study sites within one study will be included separately in the dataset and considered independently. For each observation, means, standard deviation and sample sizes will be extracted. If the data from the publications is valid, but summary statistics is not available in the text, it will be extracted from tables and graphs, or calculated from available raw data. If none of them are available, authors will be contacted and asked for the information.
As Independent variables, information about the study conditions will be extracted from each publication: kind of agroforestry system, kind of system compared and extent of the study area. Climatic and biogeographic information, which might not be included in the study region, will be taken from other data sources (WorldClim, and Google Earth) ( Table 4) . 
Agroforestry system
Agroforestry system on which the study was conducted: silvoarable systems, silvopastoral systems, and mixed systems Primary studies
Comparator
Specialised land-use system that the publication uses to compare the agroforestry system against. The three categories employed were: agricultural land, pasture land, and forestry land Primary studies 
Scale of the study
ANNEX B for Torralba et al (2016)
Funnel plot of effect sizes between the variance and the Hedge's g of biodiversity levels between agroforestry and non-agroforestry systems Funnel plot of effect sizes between the variance and the response ratios of ecosystem services between agroforestry and non-agroforestry systems
